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a good staff, it is uneconomical to a degree to stint
them with regard to apparatus or equipment, or to
inconvenience them by unsuitable surroundings.

Mr. Tremain grasps very clearly the conception of
research in its industrial aspect as distinguished from
its academic aspect, and this distinction is of very
great importance. One of the main objects of the

paper is to draw attention) to t&e possibility of research
as a new economic weapon. While I do not think
that the sandwich system of education necessarily brings
educationali institutions more closely into touch with
practice than ia the case with other methods, I am fully
in agreement with Mr. Tremain that both education
and industry would gain, by a. more, intimate contact-
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1. Object of record.—No record of the great efforts
exerted in all branches of engineering, both by employers
and by employees, during the Great War would be
complete unless it included some reference to the
share of the burden borne by the electrical engineers
of Great Britain. This paper js intended to show,
necessarily inadequately, what has been done, primarily
by the public service undertakings, both Municipal
and Company, and by the electrical manufacturing
firms, and secondarily to explain the War policy of
some of the Government Departments associated with
the direction of the industry.

2. Munitions production accelerated by public electric
supply service.—The War had not been many weeks
in progress before it became evident that it would
involve a struggle between the great nations engaged
in it for supremacy in the application of engineering
science to every branch of warfare, and, as the combat
prolonged, the call upon the brains and inventive
genius of engineers became ever more insistent. Exten-
sions of existing engineering factories and workshops
and the construction of new factories, many of them
National, were rapidly planned and carried out. The
directing heads of many firms were called in to advise
Government Departments, in particular the Ministry
of Munitions, and to take responsible posts, often
without remuneration, in creating, organizing, and
accelerating the manufacture of every kind of war muni-
tion. The equipment of many new factories and the
extension or adaptation of existing workshops were
carried out at amazing speed. This was facilitated by
the fact that so many of the public service electrical
undertakings were able to deal with additional load
by running all their generating plant, including reserve,
until such time as the stations could be extended. In
numerous cases valuable time was thus saved, and
munitions of war made available for both Armies and
Fleets months earlier than would otherwise have been
possible. Electrical equipments in factories could be

installed much more rapidly than power-producing"
plant could be manufactured and erected, and although,
electric supply undertakings took risks in running all
their generating plant, it was felt by the Government
that this was a legitimate war risk, even if the supply of
current for domestic purposes was thereby jeopardized.

3. Necessity for electrical control.—As time went
on the demand for increased production and changed
types of war munitions grew at an always accelerating
rate, and it was thereafter a never-ending struggle
to extend the public generating stations in industrial,
areas rapidly enough to meet the insistent demand for
larger supplies of electric power. Shortage of labour
and materials made it essential thait the output from
the works of electrical manufacturing firms should
be brought under Government control, so as to secure
that only such orders should be proceeded with as
were necessary to meet urgent National needs. Similarly,
the extensions of electric power stations and mains;
systems were restricted to schemes authorized by the
issue of Priority Certificates after applications had been,
investigated and approved by the Electric Power Supply
Department of the Ministry of Munitions.

4. Establishment and objects of control.—On the forma-
tion of the Ministry in the spring of 1915, it was not at
first appreciated how large and important a part was to-
be taken by electrical engineers in munitions production,
and no Department was included in the organization,
to deal with the supply of electric power. In a
few months, however, it was found that power
supply affected almost every war manufacture, and a
Department was created to deal with all electrical
engineering questions. The main objects kept in view
were to facilitate the supply of power by the public
service undertakings to munition factories, to help
such undertakings as were called upon to extend their
generating stations to obtain new plant as quickly
as possible, and to regulate and control the order of
manufacture by makers of electrical machinery.
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PART I.

ELECTRIC POWER SUPPLY DEVELOPMENT.

5. Expansion at Sheffield and Coventry.—Particulars
of the great electrical development in the industrial
centres of the country will be interesting. In some
areas as, for example, the great steel and armament
centre of Sheffield, and the busy machine-tool and
motor-engine building district of Coventry, both
Corporations were overwhelmed with pressing demands
for large supplies of power. Large extensions of genera-
ting-plant capacity were rushed forward and proceeded
day and night. Great credit is due to the Electrical
Engineers of the Sheffield and Coventry Corporations
and their staffs for the way in which they rapidly
.Carried through, in circumstances of unprecedented
djfllculty, large additions to their power houses and
•mains, While it may be thought invidious to men-
tion these two electrical undertakings in particular, it
must be remembered that their war expansion has
been phenomenal. The following figures are indicative
of this :—

Sheffield Coventry
26,500,000 17,000,000

177,500,000 53,000,000

Units sold 1914
1918

6. Sheffield's output in 1918 was about 6^ times,
and that of Coventry 3 times, the 1914 production.
It is also a fact to be noted that, in addition to the
Sheffield Corporation's generating stations, some of
the large armament firms have their own power
houses, and the aggregate output of these private
generating plants almost exactly equalled the Corpora-
tion's output. In other words, the 1918 production
of electricity in Sheffield alone was about 350,000,000
units. No other industrial area—Sheffield covers
about 38 square miles only—can show so large
a consumption of electricity per square mile. As
soon as possible the Corporation will doubtless induce
the owners of private generating stations to cease
producing their own current and to take their require-
ments from the Municipality, in view of the resultant
economies and advantages which would follow.

7. Great development of electrical furnaces.—The
great feature of Sheffield's electrical expansion was
the installation by the steel manufacturers of electric
furnaces. For various reasons — which it is not
within the purposes of this record to discuss — the
electric furnace prior to the War had made little head-
way in this country as compared with Germany and
the United States. There are now, however, about
117 furnaces installed, or being erected, and of these
no less than 74 are in the County of Yorkshire, by
far the larger number in Sheffield itself. There can be
no doubt that the makers of high-grade steels were
faced with war problems which could only be solved
by the extensive use of electric furnaces.

8. Expansion at Rotherham.—Another undertaking
which has shown remarkable expansion during the War
is that of the Rotherham Corporation. In 1914, this
Corporation's generating-plant capacity aggregated
only 5,180 kw. • Since then they have found it necessary
to install a further ^65,350 kw. The power demand

inside the Corporation boundaries grew enormously,
one consumer alone, namely Messrs. Steel Peech and
Tozer, requiring 10,000 kw. for their new steel works.
After careful consideration it was found desirable
that the Corporation should erect a new power house,,
and a station designed to contain two i2,5oo-kw.-
sets and one 25,000-kw. set was rapidly planned and
pushed forward and is now approaching completion.
When this station is in operation, it will contain the
largest machines so far constructed and installed in
any generating station in Great Britain, although there
are of course other power stations of greater aggregate
capacity, made up, however, of- a larger number of
smaller machines.

9. In order to ensure that the efficient plant which
the Rotherham Corporation will possess is used to
the best advantage of the surrounding district, arrange-
ments have been made for linking up this station with
the Blackburn Meadows generating station of the
Sheffield Corporation, so that 10,000 kw. can be trans-
mitted either way.

10. The plant capacity of Rotherham before the
end of this year will be nearly 13 times the 1914 plant
capacity.

11. Other large plant extensions.—Of other under-
takings which have carried out or ordered extensive
plant additions during the War, the following are the
more important :—

(Installed or Ordered)
kw.

Newcastle-upon-Tyne Electric Supply Co., Ltd.,
and associated companies . . . . . •• 114,200

Glasgow Corporation . . . . . . . . 99,5°°
Sheffield Corporation . . . . . . • • 73.°°°
Birmingham Corporation . . . . • • S 1 , ^ 0

Manchester Corporation . . . . . . . . 46,450
Clyde Valley Electrical Power Company . . 37.5°°
Leeds Corporation . . . . . . • • 33.o6°
Bradford Corporation . . . . . . . • 27,450
Mersey Power Co., Ltd. . . . . . . . . 24,500
North Metropolitan Electric Power Supply Co. 21,068

12. A complete list of all power station extensions
arranged for during the War is given in the Schedule
at the end of this record-

13. Expansion of manv other electrical undertakings'
outputs.—Other parts of the country in which abnormal
expansion took place were as follows :—

INCREASE IN UNITS SOLD IN 1918 AS COMPARED WITH
1914.

Increase
Newcastle-upon-Tyne Electric Supply Co.

Ltd., and associated power companies 203,547,122
Glasgow Corporation . . . . . . 90,250,000
Clyde Valley Electrical Power Co 80,942,565
Birmingham Corporation . . . . . . 77,962,851
Manchester Corporation . . . . . . 74,953,067
Shropshire, Worcestershire, and Stafford-

shire Electric Power Co. . . . . 50,549,772
Leeds Corporation . . . . . . . . 34,800,732
Liverpool Corporation . . . . . . 27,967,346
Bradford Corporation . . . . . . 27,129,229
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Increase
North Metropolitan Electric Power Supply

Co. . . . . . . . . . . . . 25,921,117
Wolverhampton Corporation . . . . 25,806,186
Rotherham Corporation . . . . . . 20,219,945
"Greenock Corporation . . . . . . 18,749,536
Yorkshire Electric Power Co. . . . . 18,673,871
Midland Electric Corporation for Power

Distribution, Ltd. . . . . . . . . 16,982,773
South Metropolitan Electric Light & Power

Co., Ltd 16,833,862
Mersey Power Co., Ltd. . . . . . . 15,582,000
Stockport Corporation . . . . . . 14,892,745
Lancashire Electric Power Co. . . . . 13,266,574
Derby Corporation . . . . . . . . 12,000,000
Bristol Corporation . . . . . . . . 10,702,527
South Wales Electrical Power Distribution

Co. . . . . . . . . . . . . 10,083,812
•County of London Electric Supply Co., Ltd. 9,983,586
Bolton Corporation . . . . . . . . 9,910,284
Battersea Borough Council . . . . . . 9,718,584
Hackney Borough Council . . . . . . 9,472,697
Halifax Corporation . . . . . . . . 9,333,120
Rochdale Corporation . . . . . . 9,176,788
Huddersfield Corporation . . . . . . 9,084,355
Fulham Borough Council Electricity and

Destructor Works . . . . . . . . 8,046,892
Hull Corporation . . ... . . . . 8,026,719
Metropolitan Electric Supply Co., Ltd. . . 7,861,101
Oldham Corporation . . . . . . . . 7,783,199
Hammersmith Borough Council . . . . 7,730,644
Stepney Borough Council . . . . . . 7,569,593
Aberdeen Corporation . . . . . . 7,558,946

14. Other electrical developments.—Apart from the
great development in the use of electric furnaces, the
next most interesting expansion was probably that of
the use of electrically-driven compressors in shipyards.
Shortly after Lord Pirrie became Controller-General
•of Merchant Shipbuilding at the Admiralty, he decided
that the installation of electrically-operated com-
pressors was the keynote of more rapid shipbuilding
production, and a large programme of compressor
installations was put in hand in various shipbuilding
•centres, some 80 compressors being ordered, totalling
in all approximately 33,000 horse-power.

15. The use of electricity for welding ships' plates
is also now being experimented with, and its wider
adoption at an early date is anticipated.

16. In a less important degree, the use of electricity
lor cooking purposes has largely extended during the
War, particularly in connection with the establish-
ment of National Kitchens. In the Newcastle district,
•where electric cooking has been actively pushed, there
us a cooking-load arranged for totalling about 4,000 kw.

17. Daring the early months of 1918 attention was
•drawn by a leading English electrical manufacturing
concern to an improved form of electric regenerative
dynamometer gear which could be used in the testing
of aeroplane engines. It was known that for direct-
current systems it was quite possible to utilize a regenera-
tive dynamo, but no satisfactory alternating-current
machine had been devised up to then.

18. The design of this firm was carefully investigated

and it seemed evident that it could with advantage
be used in the test-room of aeroplane works for regenera-
tive operation. An effort was made with certain
leading aeroplane engine makers and with the Aircraft
Supply Department of the Ministry to have these sets
introduced. As shown later the saving, based on a
very conservative estimate, would be extraordinarily
high and would redeem the cost of the electrical equip-
ment in a few years.

19. Unfortunately it was found that some 6 months
at least would elapse before these sets could be placed
on the market, and the aeroplane makers at that time
were rather in doubt as to the future policy of the
Air Board as to the size of engines. Further, one of
the leading electric supply undertakings refused to
sanction these regenerative sets being connected to
their system. Negotiations were being conducted
just before the date of the Armistice, and ceased on
the Armistice being signed.

20. Further work should undoubtedly be done both
by the electrical manufacturers and the internal-com-
bustion engine makers to develop and introduce an
electrical regenerator for all test-rooms. In fact one
would go so far as to say that the time should come
when nothing but a regenerative form of dynamometer
should be allowed in the test-room of any engine
maker.

21. The following table is a hypothetical case of
an aeroplane engine works turning out per week some
60 engines of 250 i.h.p. each.

Number of engines tested per week . . 60
Indicated h.p. of each engine . . . . 250
Average duration of each full-load brake test 2-5 hours
Number of regenerative dynamometers . . 10

3-
4-
5. Total capital cost of dynamometers. . £15.00°

On the assumption that the overall efficiency of the
dynamometer is 50 per cent:—

Total units produced per week
=60 x 250 x 05 x 25 x 0-746
=say, 14,000.

On the basis of id. per unit this represents £58 per
week as the value of the current obtainable, or, say,
£2,900 per year.

22. Growth of electric power supply.—The following
data give some idea of the great expansion in the
generating plant capacity and output of the public
electric supply undertakings during the War. (Power
stations supplying railways or tramways only, and
private plants, are not included) :—

(1) 103 Municipal and 33 Company-owned power
stations were extended or built.

(2) The plant capacity of 327 municipal undertakings
increased from 705,000 kw. installed at June 1914 to
1,490,000 kw. installed, or on order, at 31st October,
1918. Similarly, some 230 company-owned power
stations expanded from 430,000 kw. to 788,000 kw.

(3) The additional generating-plant capacity installed,
or ordered, during the War therefore aggregated
1,143,000 kw., which is almost exactly equal to the
total plant capacity existing when the War broke out.
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(4) The capital outlay involved on these extensions,
with additions to mains and substations, was approxi-
mately £23,000,000.

(5) Before the War the average size of generating
unit installed was 522 kw., and the largest unit in
operation was of 8,000 kw. capacity. The average
size of unit on order at 31st October, 1918, was 7,044
kw., and units of 25,000 kw. and 30,000 kw. were being
built.

(6) The units sold during the year ended 30th June,
1914, were 2,100 millions. For the year ended 31st
December, 1917, they were 3,520 millions. The figures
for 1918 are not yet available in the aggregate, but
it can be assumed that the output for that year was
nearly double that of 1914.

(7) The coal consumption per unit sold in 1914
was 4-1 lb. In spite of the very inferior fuel used in
1918 in comparison with 1914, the coal consumption in

• 1918 fell to 3-75 lb. This was, no doubt, due to larger
and more efficient plant being brought into use, and
to the improved load factor at which many power
stations operated during the War.

In 1918 the coal consumption in municipal stations
was 4-17 lb. per unit, and in company stations
3-17 lb. The latter figure is to some extent accounted
for, no doubt, by the greater areas, more diversified
load, and better load factor of some of the large power
companies.

(8) In 1918, the load factor of all the municipal
stations combined was 28 per cent, and of all the com-
pany stations 33 per cent. The load factor of individual
stations varied widely.

(9) The units sold per kilowatt Of plant installed were
1,658 by the municipalities and 1,882 by the companies.

(10) At 31st December, 1918, the Municipalities had
237,000 kw. of load awaiting connection, and the
Companies 121,000 kw.

(11) The units obtained other than by coal-firing
were :—

Oil fuel
Waste heat and gas
Water power

50,000,000

215,000,00c

23,000,000

(12) About 27,000 persons were employed in electric
supply undertakings, of whom about 2,500 were women.
Some 17,000 were employed by the Municipalities, and
10,000 by Companies.

23. Increased output for power only.—It can be stated
without fear of contradiction that the whole of the
increased output during the War was used for power,
smelting, and other industrial purposes. The restric-
tions on public and private lighting, necessitated by
military requirements, coal shortage, etc., must have
prevented any expansion in the use of current for
purely domestic purposes : in all probability there
was in the aggregate a substantial diminution during
the War.

24. Pre-eminence of electricity as the motive power.—
It may be said that the War definitely established the
pre-eminence of electricity as the motive power for
industry. It is probable that the next decade will
see a similar expansion in the use of electricity in
industry as was experienced when steam plant was

sufficiently developed to be applicable to industrial
operations, and that great growth in the industries-
of the country generally will follow. During the War
a large number of manufacturers who had previously
little or no experience of the electric drive have become
fully acquainted with its advantages and have realized,
in particular, the desirability of purchasing current
from public sources instead of generating it by separate
power plants.

25. Concentration of generation.—It has been the
Government policy during the War to encourage power
users to obtain their requirements from the public
service undertakings and to discourage the installation
of separate small generating plants. There was un-
doubtedly a time when # some large manufacturers-
and railway undertakings preferred to be self-contained
and to generate their own current. This policy is,
however, rapidly passing away, and in future the
supply of electricity for power purposes will undoubt-
edly be purchased where public supplies are available ;•
an incentive to this being the high cost of money and
of plant. Manufacturers will be able to spend capital,
which would otherwise be sunk in generating plant, to
greater advantage on the machinery required to turn
out their particular products.

26. Private plants ordered.—There were, however,,
considerable orders placed during the War for private
electrical generating plants, particularly in connection
with the many large extensions of iron and steel works..
In most of these cases waste heat, in the form of exhaust
steam from rolling-mill engines or gas from blast fur-
naces and coke-ovens, was to be used for electric power
production, and private plant was therefore justified..
Wherever possible, however, linking up with an adjacent
public service electrical undertaking was arranged.
At the end of 1918 the following turbo-generators were
on order under Class A :—

Municipalities
Public service companies
Private plants

228,000 kw_

163,000 kw.

88,000 kw.

27. Financial policy of Government.—The increasing
cost of plant as the War continued, and the difficulty
of financing extensions which might be larger than
would be necessary for some time after the cessation
of hostilities, soon raised questions requiring the settle-
ment of a clearly defined policy. After full consider-
ation, the Treasury decided that interest-bearing loans
might be made, where necessary, to municipalities and
companies, the loans generally being repayable by
annual instalments over 15 years or so, and further,
that the Ministry of Munitions might guarantee to
bear the difference between the cost of carrying out
extensions during the War and the estimated cost of
the same work if carried out at some period after the
conclusion of hostilities—this period as a rule being
one year or two years post-war—and also the cost of
any portion of the extensions found to be in excess
of the post-war needs of the undertaking. In other
words, the public service undertakings were to be put
in the same position as they would have been if they
had not extended during the War but had waited until
their post-war requirements must be proceeded with..
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28. This policy was found generally acceptable, and
undoubtedly facilitated urgently-needed power station
and mains extensions. While some applicants pressed
for definite Government grants towards the excess
War cost of extensions, it was generally recognized
..as fair that electric supply undertakings enjoying a
monopoly and either perpetual or lengthy powers,
.and supplying a commodity needed after the War,
•were not entitled to grants in the same way as were
manufacturing firms called upon to extend factories
and manufacture products not required in post-war
.industry.

29. Of the £23,000,000 which it is estimated has
•been incurred on extensions of power houses and mains
•during the War, about ,-£3,150,000 has been advanced
by the Ministry of Munitions.

30. Importance of supply to Woolwich Arsenal.—It may
be interesting to record the arrangements made for
making as secure as possible the supply of electricity

. to Woolwich Arsenal. The number of employees at
•work in the Arsenal increased five-fold during the
War. The maximum power load reached about 8,000 kw.
In 1914 the much smaller supply was mainly derived
ifrom the small generating station at the Arsenal,
supplemented by a supply taken from the electricity
undertaking of the Woolwich Borough Council. These
two sources combined were insufficient to meet the
'War requirements, and extensions of the Woolwich
Borough Council generating station were accordingly
put in hand. That undertaking was also linked up with
the mains network of the South Metropolitan Electric
Light and Power Company, Ltd., so as to secure a standby
supply from the latter. In addition, cables were laid
linking up the Arsenal with the Greenwich power house
of the London County Council tramways undertaking,
which, unfortunately, was a 25 cycle system, whereas
the periodicity of the Woolwich Council's undertaking was
50 cycles. The supply from the London County Council
was utilized primarily for operating rotary converters
'(direct current being mainly used at the Arsenal) and
also for the supply to electric furnaces installed at the
Arsenal for the production of steel from scrap material.
The furnace transformers were provided with reactances,
so that they could ultimately be operated at 50 cycles
instead of 25 cycles if, after the War, the Woolwich
Borough Council electricity undertaking was in a
position to deal with the whole load at the Arsenal,
which is situated in their statutory area of supply.

31. The arrangements above referred to were made,
not only to provide the largely increased supply needed
at the Arsenal, but also to secure" greater reliability
in the event of either of the supply undertakings being
damaged by hostile aircraft.

32. Electrical equipment for Russia.—During the
•earlier period of the War, the Russian Government
and Russian private firms were large buyers of electrical
machinery and apparatus from Great Britain. The
Ministry of Munitions eventually became somewhat
anxious as to whether the plant ordered from time
to time was being properly considered from the point
of view of the carrying through of complete schemes,
and at one stage it was felt desirable that the Electric
Power Supply Department should send representatives

to Russia to make sure that complete power stations
were being provided. They could not, however, be
spared for this mission.

33. During one of the upward curves of submarine
attack, certain ships conveying electrical plant to
Russia were sunk, and inevitable disorganization in
Russian munition works followed. When the Russian
debacle set in, the export of further electrical machinery
to Russia was stopped. A considerable amount of
plant was either ready for despatch or well in hand
at the manufacturers' works. Some of the latter
plant was completed and the rest put on one side
but considerable congestion at the works followed.
Fortunately, most of the generating plant was of
50 cycles, and consequent^ a fair percentage was sold
to the electrical undertakings of municipalities and
companies, and here and there this opportunity of
acquiring plant quickly facilitated the more rapid
production of certain War munitions.

34. Electrical equipment for American Forces.—After
the entry of America into the War and the commence-
ment of the establishment of their bases in France,
the Ministry of Munitions despatched representatives
of the Electric Power Supply Department to France
to assist the Americans in procuring certain electrical
machinery and equipment from England.

35. Wayleaves.—Whatever may have been the ex-
perience prior to the War, it can happily be said that
where landowners were asked for wayleaves to enable
underground cables or overhead lines to be carried
across their property to facilitate the supply to munition
works, such applications were readily granted. In
only two or three ca'ses were unreasonable objections
raised, and it was generally sufficient to suggest that
the powers conferred by the Defence of the Realm
Acts would be exercised, if required. Only one case
can be called to mind where it became necessary to
cross land under the powers conferred by D.O.R.A.

36. Policy of the Ministry of Munitions.—To some
extent the policy of the Electric Power Supply Depart-
ment of the Ministry of Munitions has already been
referred to. The functions exercised by the Department,
however, covered duties other than the control of
electric supply undertakings and manufacturers. In
general, these functions were as follows :—

(a) Advising other Departments of the Ministry of
Munitions, the Air Ministry, and some Departments
of the Admiralty and War Office on all schemes where
the installation of electric generating plant or motors,
or the purchase of current from a public service
undertaking was concerned.

(b) The granting of priorities or advising the Priority
Department on the priorities necessary for electrical
machinery.

(c) Controlling the manufacture of electrical gene-
rating plant, motors, transformers, etc., by the various
electrical manufacturing firms in the country.

(d) Considering and approving all extensions of
generating stations, and mains of the public service
undertakings.

{e) Endeavouring, so far as possible, to secure the
standardization of electrical manufacture.

(/) The negotiation of power-supply contracts where
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jpower is purchased from public service undertakings
jfor national factories.

(g) Advising on imports and exports of electrical
machinery, and on the electrical requirements from
British firms for Allied countries.

(h) Advising on all Mercantile Shipyard extensions
involving the use of electric power.

37. As time went on and experience accumulated,
various Government Departments became persuaded
that closer co-operation between them on all questions
concerned with electrical engineering was desirable.
Accordingly, the War Cabinet Priorities Committee set
up during 191S the Electrical Services Sub-Committee,
•of which the Ministry of Munitions member was Chair-
man, and on which the following Government Depart-
ments were represented :—Ministry of Munitions,
Admiralty, War Office, Board of Trade, Air Ministry,
Local Government Board, and Scottish Office. As
,the Terms of Reference to this Committee may interest
the electrical industry generally, they are set out in
-condensed form as follows :—

(1) To secure uniformity of practice in the use of
•electrical energy by Government Departments, and
generally throughout the country.

.(2) (a) To consider the requirements for electrical
energy and plant and the consequent
demands on power stations.

(b) To consider the capacity for electrical manu-
facture and how the demands likely to be
made upon it for additional machinery
can be met.

(3) To secure uniformity of power supply contracts
and plant extensions.

In interpreting the above Terms of Reference—
(1) The Committee excluded from their purview :

(a) Purely naval and military requirements of
the Fleet and of the Armies in the field,
respectively.

(b) All applications from Government Depart-
ments for generating plant, for the purpose
of providing power or light of less power
than 200 h.p.

(2) The Committee were empowered :—
(a) To require that all applications should be sub-

mitted to them for their approval which emanated :

(i) From Government Departments for generating
plant of over 200 h.p. for the purpose of providing
power or light.

(ii) From all other sources for such generating plant
of any horse-power.

(b) To consider cases referred to them in which the
•demands of Government Departments in connection
with any particular branch of the electrical industry
could not be met by the existing resources of the
industry.

(c) To follow the general principles that—

i(i) Electrical energy shall be purchased instead of
separately generated wherever possible.

iii) Current shall be used as " alternating " rather
than "direct" wherever available and suitable.

(d) To require the submission of power supply
contracts which it is proposed should be entered into
between Government Departments or firms contracting
on their behalf and public supply undertakings.

38. The appointment of this Committee was found
of value in achieving the objects for which it was
established.

39. Co-operation to be extended.—It is not improbable
that the co-operation which was secured between
Government Departments will be continued in Peace
time. In this connection, the experience of the
Armies in the Field emphasizes the importance of
co-operation and standardization.

40. Electric power in the Field.—The use of electric
power in the Field became of increasing importance as
the war prolonged, and as the result of the experience
gained it is most probable that the requirements of
the Army for electrical equipment will increase both
in peace and in war. The standardization of electrical
machinery and closer co-operation between Government
Departments is therefore more than ever of importance.
It is common knowledge that the use of alternating
rather than direct current should be encouraged even
for use in the Field, and any difficulties faced and sur-
mounted. The experience of the American Forces has
demonstrated that if large numbers of troops have to
act in a country far distant from home, electric power
requirements are likely to be very large and of first
importance. The standardization and interchange-
ability of electrical plant and apparatus effects large
economies of money, man-power and effort, besides
saving delay by the provision and pooling of stocks,
stores and spare parts. The German forces found the
establishment of an Electrical Battalion for each Army
of vital importance, and military sites were carefully
chosen after prior consideration had been given to their
convenience from the point of view of electric power
supply.

41. The British Commanders in the Field recognized
the importance of providing .the best electrical service
for the Army, and early this year a Commission was
set up by G.H.Q. France to investigate and report on
the. use of electric power in the Field. Mr. C. H. Word-
ingham, President of the Institution, was a valuable
member of this Commission.

42. Control exercised as lightly as possible.—In exer-
cising control of public service undertakings and electrical
manufacturing firms, it was always the policy of the
Electric Power Supply Department of the Ministry
to endeavour to enforce restrictions as lightly as pos-
sible. Control in any shape or form must necessarily
be irksome and irritating, but circumstances from time
to time made it essential. In the earlier days priority
certificates were granted to electric supply undertakings
with considerable freedom, and where manufacturers
were concerned no interference with their output was
occasioned so long as such certificates could be pro-
duced. As labour and material became more and
more restricted, control had necessarily to be somewhat
more rigidly exercised.

43. Restriction of converting plant.—Only two Control
Orders were issued by the Ministry of Munitions. The
first, dated 5th April, 1918, restricted the manufacture-



412 GRIDLEY AND HUMAN : ELECTRIC POWER SUPPLY

of converting plant (Converter Plant Control Order,
1918). It had been found that some power users,
and shipbuilding firms in particular, hesitated to use
the more readily available supply of alternating current
in certain districts, owing to their previous familiarity
with direct current only, and no amount of persuasion
seemed to convince them that alternating current was
equally, if not more, suitable. The enforcement of
the Converter Plant Control Order did bring about a
reduction in the demand for converting plant, and
assisted the engineers of electrical undertakings to
prove that alternating current was quite suitable for
most operations, and subsequent experience proved
to power users that their previous fears were ill-founded.
There nevertheless remains a considerable amount of
missionary work to be done in this direction. At
the conclusion of hostilities, in spite of the Control
Order, there were no less than 92,000 kw. of converting
plant capacity on order under Class " A " certificates,
although by far the larger proportion of this was
required for the production of direct current for
purposes where alternating current was unsuitable.
The Converter Plant Control Order 1918 was cancelled
on the 28th February, 1919, after 193 licences had
been issued.

44. Restriction of new connections.—A critical situa-
tion in the coal industry arose consequent upon the
withdrawals from mines of a large number of men
between March and June 1918. The coal output of
the country substantially diminished owing to this
cause and the ravages of influenza epidemics, and the
Coal Controller found it essential to take steps to ration
the use of coal. This was not applied to power stations
in consideration of the Ministry restricting the connec-
tion of new consumers to those wholly engaged upon
the production of urgently required War munitions.
The second Control Order was the Electricity (Restric-
tion of New Supply) Order 1918 issued on 8th November,
1918. Concurrently with it the Coal Controller
found it necessary to ration the use both of electricity
and of gas for domestic purposes.

45. Restriction of lead-covered cable.—There was a
time during the War when the shortage of lead supplies
was acute, and when in order to meet the requirements
for shrapnel at the Front the strictest economy in the
lead consumption for commercial purposes was an
absolute necessity. It was during this period that
restriction' in the use of lead-covered cable had to be
enforced, and this undoubtedly hit some undertakings
severely.

46. Early removal of restrictions and control.—The
Electricity (Restriction of New Supply) Order 1918
was revoked on the 10th January, 1919, less than 2
months after the date of the Armistice, and the Con-
verter Plant Control Order, which had never been
harshly enforced, was cancelled on the 28th February,
1919, thus freeing the electric supply industry thence-
forth from any restrictions so far as control by the
Ministry of Munitions was concerned.

47. Scrapping of wasteful plant encouraged.—After
the formation of the Department of the Coal Controller,
close touch was kept between that Department and
the Electric Power Supply Department of the Ministry

of Munitions. Wherever munition firms derived their
motive power from inefficient steam plants wastefully
consuming coal, every encouragement was given to>
such firms to take advantage of the public supplies
of electricity. Unfortunately, the possibilities of
economy in this direction were limited by the diffi-
culty of obtaining electrical equipments for factories,
and not much could therefore be done.

48. Coal Controller's information re wasteful- coal-
consuming plants.—The Coal Controller's Department
and the Coal Commission must have ample information
concerning existing wasteful steam plants, and it
would be a national misfortune if such data as has
been collected is not turned to account as soon
as possible, by taking action to ensure that these
plants are speedily scrapped and the more efficient
electrical equipment installed in lieu thereof. There
is no doubt whatever that colossal waste is continuing
in many parts of the country in the use of fuel for
power-production purposes.

49. Policy in dealing with power station extensions.
—In dealing with applications for priority certificates
for power station extensions of electric supply under-
takings, the Ministry of Munitions were not infrequently
faced with difficult considerations. On the one hand
there was the insistent and urgent demand for more
and more current, and on the other hand the fact that
the extension of some of the less modern and less
efficient power stations should, if possible, be avoided.
The recommendations of various Government Com-
mittee Reports as to the necessity for the reorganization
of electric power supply throughout the country, and
the lines on which it should proceed, were known,
but until new legislation had been carried through the
existing systems had more or less to be adhered to.
While the extension of some existing inefficient stations-
was unavoidable, efforts were made in" certain areas
to arrange for extensions, or the linking up of under-
takings, in accordance with the latest recommendations
and modern practice. A reference to some of these
schemes will be of interest.

50. Yorkshire and Lincolnshire development.—One of
the most important industrial areas in the country is
that embracing Sheffield, Rotherham, the Yorkshire
Electric Power Company's territory, the South York-
shire coalfield, and the Lincolnshire ironstone area.
Applications for power plant to serve all these areas were
being separately received. In November 1917 a Confer-
ence of all parties interested was held at Sheffield and
was largely attended by representatives of the interests
referred to and of the large manufacturing firms in
the district.

51. The importance of establishing power stations
to the latest design and with the largest units for the
purpose of serving the wide area above outlined was
realized, and a representative committee was appointed
to investigate thoroughly what in the common interest
should be done. This Committee subsequently held
several meetings and decided to call for a joint report
from Sir John Snell and Mr. C. H. Merz, who were to-
advise what was the best scheme to adopt to serve an
area which in extent was approximately 1,200 square
miles. This report was in due course presented, and
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it recommended the construction of new power houses
on the River Trent for the service of the whole area,
and that no further extensions of existing stations or
the construction of new stations other than on the
Trent or to utilize waste heat should be contemplated.
Action on this report is awaiting the result of the
Electricity Bill now before Parliament.

52. Development in the Black Country.—Consideration
was also given to the Midlands. Throughout the War
the Birmingham Corporation were unable to install
generating plant sufficient *to cope with all demands
made from time to time. A similar state of affairs
existed in the adjacent area served by the Shropshire,
Worcestershire, and Staffordshire Electric Power
Company. These two undertakings were fortunately
of the same periodicity, namely 25 cycles, and it was
therefore obvious that efforts should be made to link
them together so far as the generation of current was
concerned.

53. The Ministry of Munitions therefore moved in
the matter, and various meetings of representatives of
the two undertakings were held. The Birmingham
Corporation was anxious to make a substantial com-
mencement with the proposed permanent generating
station at their Nechells site and the Power Company
had acquired a large site on the river at Stourport,
upon which they desired to erect the first section of
a modern power house.

54. The arrangement first proposed was that a com-
mencement should be made on each site by the erection
of two 15,000-kw. sets, with boilers to steam both
sets in each case, and to link up the two power houses
by 33,000-volt cable via Smethwick.

55. The arrangements at one time under considera-
tion were that the cost of the scheme should be advanced
by the Government, and that the power stations, when
constructed, should be operated by a Joint Board of
Representatives of the Corporation and the Company
respectively, pending the establishment of a District
Board, if set up as the result of legislation on the
lines of the Report of the Board of Trade Electric
Power Supply Committee. The costs of operating the
stations were to be pooled, and current taken by the
Corporation or the Company, as the case may be, was
to be paid for at the average cost per unit.

56. Unfortunately it was decided, no doubt quite
rightly, that the new legislation could not be antici-
pated, and that Government moneys could not there-
fore be utilized in the way proposed. It is, however,
now clear that the scheme could not have in any
way conflicted with the provisions of the Electricity Bill
recently introduced.

57. In view, however, of-this decision, it was decided
that, as the Birmingham area more urgently needed
additional generating plant, the installation of two
15,000-kw. sets at Nechells should proceed; and this
scheme is now well in hand, the Corporation financing
the extension themselves and undertaking to provide
the Power Company with a substantial supply in bulk.

58. The potential demand for current in the Black
Country is so great that further steps to provide the
area with an adequate supply of current will have to
be taken without delay.

VOL. 57.

59. Development in other industrial areas.—In the
great industrial areas of the Tyne and Clyde and Man-
chester, power station extensions more or less kept
pace with demands, but in the brine and chemical
area of Cheshire the production of poison gas could
have been materially hastened and augmented had
an' electric power supply system for the district been
available. This area is now being dealt with.

60. Public plants sanctioned by Ministry. — Of
the total of 103 Municipal, and 34 Company ex-
tensions, 70 of the Municipal and 22 of the Company
schemes were considered and sanctioned by the Ministry
of Munitions. The remainder were presumably put
in hand before the priority system was established.
The plant capacity involved was :—

70 Municipalities
22 Companies

697,000 kw.
330,000 kw.

61. Ministry of Munitions staff.—In view of the
criticisms, some just and some unjust, directed from
time to time against the large numbers employed
by Government Departments, it may be recorded that
the personnel of the Electric Power Supply Department
at no time exceeded 7 men and 14 women.

62. The great achievement of electrical supply under-
takings.—It is impossible to conclude this record of
the war burden borne by the public electric supply
undertakings without a word of appreciation as to the
value of the services they rendered. Upon those under-
takings centred in industrial areas the heaviest work
necessarily fell. The weight carried by the chief
engineers, managers and their staffs can only be ade-
quately appreciated if the following facts are borne
in mind :—

63. Electric supply undertakings were mostly manned
by men of military age—a circumstance unavoidable
in a youthful industry. It was natural that a large
number of young engineers were anxious to join the
Forces, and many of them were allowed to go. It was
with great difficulty that the remainder were prevailed
upon to stay, and it was only owing to the action
of the Government in making electrical undertakings
" Certified," and by the issue of badges, that undertakings
were not dangerously denuded of trained men. The
doubling of the output of electricity during the War
is an indication of the serious consequences that would
have followed, had all who wished to see active service
been permitted to join up.

64. Upon those remaining abnormal difficulties fell,
for the bad quality of coal, anxieties about deliveries,
shortage of generating plant, and the impossibility to
take machinery out of operation for necessary over-
hauls meant a constant strain.

65. It is to the credit of the public service electric
supply undertakings that the supply of current through-,
out the War was maintained in nearly every part of
the country practically uninterruptedly. The record
for reliability is a matter for both pride and satisfaction,
especially when the abnormal difficulties referred to
are remembered.

66. In only one or two minor instances was the supply
of current interrupted through temporary breakdowns,
and munitions output retarded in consequence. This

26
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reliability of the public service redounds to the credit
of the responsible engineers and their staffs, and is
a good augury for the confidence with which manu-
facturers can, when normal conditions return, rely
upon the supply from public undertakings.

67. Again, there was not, as was the case with most
manufacturing firms, the incentive of increased pro-
fits to be earned. The electric supply undertakings
which paid excess profits during the War can be counted
on the fingers of one hand. By far the larger number
of them have had to raise their prices substantially
to keep expenses—increased by the rising wages, cost
of coal, stores and repairs, etc.—below receipts.

68. There were many stations in which shift men
worked 12 hours a day instead of eight, to fill the gaps
made by the drain of their colleagues to the Army
and Navy.

69. When all these circumstances are taken into
account, it is not easy to express adequately the value
of the services rendered by electrical engineers. The
4 years of war saw practically a development of electrical
output equivalent to that of the previous 32 years.
This record of increased output for which they have
been responsible can perhaps be allowed to stand as
the most fitting testimony of their great war achieve-
ment. They have well merited and earned the gratitude
of the Nation and of every Department of the
Ministry of Munitions concerned with the production
of munitions of war.

LIST OF MUNICIPAL ELECTRICITY SUPPLY UNDERTAKINGS
WHICH HAVE INSTALLED OR ORDERED ADDITIONAL
GENERATING PLANT BETWEEN 30TH JUNE, 1914,
AND 3 IST OCTOBER, 1918.

Nam* of Corporation

Additional Plant
Plant Capacity Installed or Autho-
at 30th June, rized. Period

1. Aberdeen . . .
2. Accrington
3. Alloa
4. Ayr
5. Barking
6. Barnsley
7. Barrow-in-Furness
8. Batley . .
9. Battersea

10. Bedford
11. Belfast
12. Bexley
13. Birmingham
14. Bolton
15. Bo'ness
16. Bradford..
17. Brighton
18. Bristol . .
19. Burnley
20. Burton

Bury . .
Cardiff
Carlisle
Chesterfield

21
22
23
24
25. Coventry

1914

kw.
8,380
4,888

309
I.IOO

930
1.795
2.525
800

5.092

1.945
13,300

500

33,00°
7,600

5°o
16,800
12,100

!5,O5O
3,890
2,700

5.700
8,200
2,670
1,800
12,000

30m June, ia
31st Oct., i

kw.
9,38o
I,5OO
1,607
I,50O
I.OOO
1,000
5.OOO
1,200
5,000

2,305
IO,5OO

500

5I.65O
10,900

500

27.450
4,000
9,000
1,680
4,200
3,000
3,000
2,880
2,320
13,200

Name of Corporation

26. Darlington
27. Dartford
28. Derby
29. Dewsbury
30. Edinburgh
31. Erith
32. Exeter
33. Farnworth
34. Fulham
35. Glasgow
36. Greenock..
37. Hackney
38. Halifax
39. Hampstead
40. Hereford
41. Hey wood
42. Huddersfield
43. Hull
44. Ipswich
45. Keighley
46. Kettering
47 Kilmarnock
48. Kingston..
49. Kirkcaldy
50. Leeds
51. Leek
52. Leicester
53. Leigh
54. Liverpool
55. L.C.C. Tramways
56. Londonderry
57. Loughborough . .
58. Luton
59. Maidstone
60. Manchester
61. Newport
62. Norwich
63. Nuneaton
64. Oldham
65. Paisley
66. Perth
67. Peterborough . .
68. Plymouth
69. Poplar
70. Portsmouth
71. Rawtenstall
72. Redditch
73. Rochdale
74. Rotherham
75. St. Helens
76. St. Pancras
77. Salford
78. Sheffield
79. Shipley
80. Shoreditch
81. Southampton
82. South Shields . .
83. Southwark
84. Stepney

Plant Capacity
at 30th June,

1914

kw.
3,200
1,300

7.O5O
2,000

17,980
2,000
1,500

65O
4,450

54,9OO
11,900
4,800
7,500
5.889

8lO
9OO

7,45O
10,210

3,5OO
4,62O

i ,5 1 0

3,000
1,410
2,300

22,940
515

7,450
1,100

37,000
38,500

1,200
700

2,450
2,075

72,300
7,100
4.850
1,200
5.34O
4,200
i,I75

840
5,475

10,000
4,45O
3,331

690
5,476
5,J5O
4.500
8,850
8,500

23,225
1,000
5,68o
5,5OO
3,800
1,800
7,720

Additional Plant
Installed or Autho-

rized. Period
30th June, 1914, to

31st Oct., 1918
kw.

5,800
1,000
7,500

500
2,500
1,700
1,000

500
2,700 .

99,050
21,100
13,400
5.500
I,5OO
2,000

6OO

4,000

5.000

3,000

7,000
2,000

7OO
33,660

20O
6,000
1,500

IO.OOO
9,000
2,5OO
2,I5O

10,000
I,90O

46,450
3.OOO
3,000

95O

8.2OO
5OO
500

4,8OO
4.25O
2,000
2,000
4.770
5.78O

65.35O
3,000
3,000
9,5OO

73,OOO
3,000
5,000
3.OOO
2,OOO
1,500
9,480
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Name of Corporation

85. Stockport
86. Sunder land
87. Swansea
88. Swindon
89. Tonbridge
90. Wakefield
91. Wallasey
92. Walsall
93. Walthamstow
94. Warrington
95. West Bromwich
96. Wigan
97. Wimbledon
98. Wolverhampton
99. Woolwich

100. Worcester
101. Yarmouth
102. York City
103. Stalybridge

Totals

Plant Capacity
at 30th June,

1914

kw.
4.850
8,500
5,100
1,400

370
2,250
2,400
2,490
4,160
3.150
3.300
4,820
3.325
7.050
2,850
3.750
2.075
3.900

18,000

704.955

Additional Plant
Installed or Autho-

rized. Period
30th June, 1914, to

31st Oct., 1918
kw.

11,150

7,500
/ * J
5,000
2,000

570
1,500
4,600
5.500
2,7O6
4,900
4,000
6,500
1,500

l6,45O

6,650
I,5OO

6 0 0

3.5°°
1,000

784,068

LIST OF COMPANY ELECTRICITY SUPPLY UNDERTAKINGS

WHICH HAVE INSTALLED (DR ORDERED ADDITIONAL

GENERATING PLANT BETWEEN 30TH
AND 31ST OCTOBER, 1918

Name of Company

1. Altrincham
2. Bournemouth and Poole
3. Brompton and Kensing-

ton
4. Central Electric
5. Charing Cross
6. City of London

Plant Capacity
at 30th June,

1914

kw.
I,6OO
4.OOO

3,000
26,283
23,480
27,000

JUNE, 1914,

Additional Plant
Installed or Autho-

rized. Period
30th June, 1914, to

31st Oct., 1918
kw.

I,5OO
4,600

1,500
7.570
3,000
6,000

]
Name of Company

7. Clyde Valley
8. Cornwall
9. County of London

10. First Garden City
11. Isle of Thanet
12. Kensington and Knights-

bridge
13. Lancashire Electric
14. Leicester and Warwick . .
15. Llanelly
16. London Electric Supply
17. Mersey Power Co.
18. Metropolitan
19. Midland Electric
20. National Electric..
21. Newcastle-upon-Tyne and

Associated Companies
22. Newcastle and District . .
23. Northampton
24. North Metropolitan
25. Scottish Central
26. Shropshire, Worcester-

shire and Staffs
27. Slough and Datchet
28. South Metropolitan
29. South Wales
30. Trafford
31. Uxbridge and District . .
32. Woking

33. Yorkshire Electric

Totals

Plant Capacity
at 30th June,

1914

kw.
35.00°

6,745
19,800

550
•J *J

1,900

9,390
16,500

1,700
1,600

25.450
4,900

22,500
10,600

2,630

86,200
9,000
3.640

16,122

3.300

28,325
695

6,000
10,500

5,200
1,030
1,100

14,300

430,240

Additional Plant
Installed or Autho-

rized. Period
30th June, 1914, to

31st Oct., 19x8
kw.

37.500
3,000

14,400
1,890

t6oo

5 0 0

6,000
1,250
2,700

12,000
24,500

4,000
10,200

560

114,200
8,000

3.5OO
21,068

6,230

15.850

1.335
15,000

5,000
7,950
3.650
1,000

12,000

358.O53

NOTE.—The above lists have been compiled as ac-
curately as possible from somewhat imperfect records.
and they are believed to be

(Part II of the paper wil

substantially correct.

be published later.)


